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Introduction
Hepatitis B virus (HBV) affects approximately 350 million people worldwide and remains a global public health concern [1, 2] . HBV infection, which prevalence is increasing, is a dynamic process, and the development of HBV is affected by the individual's immune response and HBV replication. Disease progression is divided into multiple phases, based on the levels of serum hepatitis B envelope antigen (HBeAg), HBV DNA and alanine aminotransferase (ALT) and on the degree of liver inflammation [3] . The impacts of HBV infection can be lifelong as the disease can become chronic and develop further into cirrhosis, liver failure and hepatocellular carcinoma (HCC). The number of HBV-associated deaths due to cirrhosis and/or HCC is more than one million per year [1, 2] .
The regions of highest prevalence for HBV infection are Africa, the Pacific region and Asia, where the virus is acquired mainly through perinatal transmission. In China, the prevalence of hepatitis B surface antigen (HBsAg) is high and affects 8.5-10.5% of the adult population [4] . The management of HBV in China is a complex issue, with various intermingled clinical, economic, social and cultural aspects. Since 1992, great efforts have been made by the Chinese government to control HBV infection, including universal HBV vaccination programmes and prescriptions of effective anti-viral drugs [5] . However, adults over 25 years of age are still at high risk as they are not protected by vaccination. It is estimated that the socioeconomic burden will continue to increase over the next two decades, before effective prevention and HBV treatments are applied to most of the population [6] .
The primary objective for the management of chronic HBV is to identify patients with an HBV disease that is progressing to more severe liver complications such as cirrhosis and hepatocellular carcinoma and provide these patients with anti-viral treatment. An elevated ALT level is usually an indicator of serious liver damage. However, many studies have suggested that ALT is not an effective marker. One study reported that marked fibrosis was observed in HBV-infected patients (approximately 40%) with the persistently normal (PN) ALT level [7] . Another study conducted in Shanghai suggested that only 38.5% of PNALT chronic HBV infected patients had normal liver histology. The authors noticed that the PNALT HBV patients in the lower half of the normal ALT range had a significantly lower prevalence of histopathology [8] . However, all of these studies were single-centre trials. A multicentre study with more subjects would be valuable to confirm these findings and our current understanding of the development of this important disease.
In the present study, we aimed to examine the histopathological features of high level of HBV DNA HBeAg-positive patients with ALT levels in the lower region of normal (LRN) range and those with ALT levels in the upper region of normal (URN) range by investigating a large cohort of Chinese patients enrolled at 17 hospitals and medical centres. HBV DNA is a quantitative virologic marker reflecting HBV replication level. Evidence supported that elevated serum HBV-DNA level during follow-up is a strong risk predictor of hepatocellular carcinoma independent of HBeAg, serum ALT level, and liver cirrhosis [9] . Univariate and multivariate analyses of the clinical parameters and histological changes in liver tissues were conducted to identify the biochemical parameters that were correlated to the histopathological changes observed in high level of HBV DNA HBeAg-positive patients. This study not only lets us better understand the progression of chronic HBV diseases and to develop prevention and treatment strategies in the future, but it also helped investigate the clinical risk factors for the requirement of treatment through the examination of liver biopsy.
Material and methods

Ethics statements
The study was reviewed and approved by the Ethics committees of the Shenzhen Traditional Chinese Medicine Hospital and was registered in the Chinese Clinical Registry (ChiCTR-TRC-09000425). Written informed consent was obtained from the patients included in the study prior to participation.
Study population
HBeAg-positive patients with chronic HBV infections were recruited from May 2009 to May 2010 at 17 different hospitals and medical centres for this study, and the baseline demographic and laboratory characteristics are listed in Table 1 . A total of 455 subjects were recruited, and liver biopsy and routine serum biochemistry tests were conducted for all subjects. The recruitment criteria were as follows: serum HBeAg >1 S/CO, HBsAg > 10IU/mL and < 10 5 IU/mL, and HBV DNA > 10 5 IU/mL and < 10 9 IU/mL with PNALT levels < 40U/L at least 3 times within the year between the ages of 30 and 65. Patients with the following conditions were 
Liver biopsy
All subjects underwent percutaneous liver biopsy guided by ultrasonography. Liver biopsy was performed using 16-G tru-cut biopsy needles (Menghini, Bard Company of America). A minimum of 1.5 cm of liver tissue with at least 4 portal tracts was required for appropriate diagnosis. The specimens were immediately fixed, paraffin-embedded, stained with haematoxylineosin and sent to the Department of Pathology at the Shenzhen Traditional Chinese Medicine Hospital. The Knodell histological activity index (HAI) and Ishak's system were used by two experienced pathologists, who were blinded to the clinical information of the subjects, to grade the collected samples. The Knodell HAI was used to describe the hepatocellular necroinflammation activity with grades of 0-4, while liver fibrosis was semi-quantitatively assessed according to Ishak's system and was graded from stage 0 to stage 6.
Serum biochemistry test
All subjects underwent complete blood counts and serum biochemistry detections including ALT, AST, platelet (PLAT), γ-glutamyltransferase (GGT), blood urea nitrogen (BUN) and creatinine (Cr) tests with the Cobas ISE 800 Chemistry Analyzer (Roche Diagnostics, Holliston, MA, USA). HBsAg, hepatitis B surface antibody (HBsAb), HBeAg, hepatitis B envelope antibody (HBeAb) and hepatitis B core antibody (HBcAb) were measured with the Architect i2000 assay (Abbott Laboratories, Philippines). Serum HBV DNA levels were quantified using the COBAS Taqman assay (Roche Diagnostics, Branchburg, NJ, USA), with the lowest detection limit at 12 IU/mL.
Statistical analysis
All data analyses were performed using SPSS 16.0 software (SPSS Inc., Chicago, IL, USA). Categorical data and gender were expressed as the count (n) with percentages. Continuous data were presented as the mean and standard deviation (mean ± SD). HBV DNA level was logtransformed due to their skewed distributions. Differences in continuous variables between groups were tested with the independent samples t-test with Levene's test for equality of variances or one-way analysis of variance (ANOVA). For one-way ANOVA, Tukey's post hoc test was used after test on the homogeneity of the variances. A p value (2-tailed) < 0.05 was regarded as statistically significant. Multivariate (binary) logistic regression analysis was used to find the determinants for prediction of significant fibrosis (Stage ! 3) and necroinflammation (HAI score ! 9).
Results
Patient characteristics
A total of 455 patients were enrolled in this study; 287 (62.53%) were male. The baseline characteristics of all patients are summarized in . The HBV DNA levels ranged from 4.14 to 10.94 (in log 10 IU/mL), while the HBsAg level ranged from 2.08 to 5.38 (in log 10 IU/mL). The patients were subcategorized into two subgroups: URN ALT (ALT ! 30U/L for males or ! 19U/L for females) and LRN ALT (ALT < 30U/L for males or <19U/L for females), according to the guidelines of the American Association for the Study of Liver Diseases (AASLD) [10] . 
Prevalence of significant liver histopathology
The histopathological data of the liver biopsy samples are shown in Table 4 . Significant differences in liver necroinflammation and fibrosis (p < 0.01) between the groups were observed. The subjects were stratified into three age groups, namely 30-39, 40-49 and ! 50, and liver biopsies with marked liver necroinflammation and liver fibrosis in the patients in the different age groups are depicted in 
Comparison of the performances of AST, FIB-4, APRI, and GPR in predicting significant histology
Univariate analysis of the demographic and clinical characteristics of the patients with and without marked hepatic histological changes are summarized in Tables 5 and 6 . Patients with significant liver necroinflammation (HAI score ! 9) had a significantly higher AST and APRI (AST to PLAT Ratio) value (p < 0.001) than the patients without liver necroinflammation (HAI score < 9). Additionally, the values of AST and GPR (GGT to PLAT ratio) in the patients with marked hepatic fibrosis (stage ! 3) were increased significantly (p < 0.001) compared to the patients without liver fibrosis (stage < 3). Multivariate analysis with different clinical factors with and without marked hepatic histological changes are summarized in Table 7 . AST, GPR and HBV DNA level were associated with significant liver necroinflammation and fibrosis.
Characteristics of PNALT patients' liver histopathology in relation to their HBV DNA levels
The distribution of HBV-DNA levels of all patients was evaluated across different grading of liver necroinflammation (Fig 4A) and stages of liver fibrosis (Fig 4B) . The HBV-DNA levels displayed a decreasing trend as necroinflammation became serious while similar trends of declined HBV-DNA levels were observed as fibrosis progressed.
Discussion
Liver biopsy remains the gold standard for assessing the degree of liver injury, including necroinflammatory activity, fibrosis stage, and the presence of other concomitant factors. However, liver biopsy has several drawbacks, such as the typical risks of an invasive method, heterogeneous variability in the sample and a lack of patient acceptance [11] , which restricts the frequency and coverage of liver biopsy as a clinical application. The serum level of ALT, a cytoplasmic enzyme in hepatocytes, is usually utilized to reflect hepatocellular damage [12] , and nearly all guidelines for treatment of chronic HBV infection use the serum ALT level as a criterion for antiviral treatment [13] .
Interestingly, a number of controversial findings about the correlation between the ALT level and liver histology have been reported. Low scores reflecting liver change within the normal ALT range have previously been reported in chronic HBV patients, while significant liver fibrosis and inflammation have been reported in 37% of 192 HBeAg-positive chronic HBVinfected patients with PNALT [14, 15] . Conceivably, the serum ALT level is affected by many Clinical and histopathological features of patients with HBV infection: A multicentre-based study in China factors, including BMI, gender, metabolism abnormalities and geographic origin [16, 17] . Because of their normal ALT levels, these patients will not receive any treatment under the current national guidelines for HBV treatment. Hence, these HBV-infected patients lose the best time window to control of the progress of the disease. Therefore, the identification of patients with PNALT who still suffer from severe liver injury is challenging. Recently, indirect serum markers such as the FIB-4 index, APRI and GPR, which affect the ALT level and other serum parameters, have been proposed as clinical markers in routine laboratory measurements to predict the severity of liver damage [11, 18] .
According to the latest version of American Association for the Study of Liver Diseases (AASLD) guidelines, patients with high HBV-DNA level should be monitored at 3-to 6-month intervals and more frequent monitoring should be performed when ALT levels become elevated [10] . Patients with compensated liver disease who remain high HBV-DNA levels after a 3-to 6 -month period of elevated ALT levels greater than 2 times of the upper limit of normal level (>50 U/L for women and >70 U/L for men) should be considered for antiviral treatment. Also, liver biopsy should be considered in patients with persistent borderline normal or slightly elevated ALT levels, particularly in those patients over age 40 who have been infected with HBV from a young age.
In the present study, all patients, who had not join any vaccination programmes before, had persistently normal ALT level despite high HBV-DNA viral load in serum. It is believed that they were one of susceptible high-risk group in China's population.
All PNALT patients in our study were divided into two subgroups, namely LRN ALT and URN ALT group. Liver biopsies on 455 HBeAg-positive chronic HBV-infected patients with PNALT were carried out, and our data in this multicentre-based study showed that 5.49% and 10.11% of these patients had significant liver necroinflammation with Knodell HAIs ! 9 and hepatic fibrosis stages with Ishak scores ! 3, respectively. Therefore, a remarkable proportion of Chinese HBV patients with PNALT actually had marked liver damage. Besides, the treatment of chronic hepatitis B adult patients in the immune tolerant phase are controversial and most of current clinical guidelines still recommend that those patients with high HBV DNA levels (typically > 10 6 IU/mL), positive HBeAg, and ALT (<30 U/L) need to receive antiviral therapy [10] . Our data showed that 3.7% and 7.3% of such patients had significant liver necroinflammation with Knodell HAIs ! 9 and hepatic fibrosis stages with Ishak scores ! 3, respectively. These findings, together with previous studies on the liver injuries of PNALT HBV patients, are summarized in Table 8 . The Knodell and Metavir scoring systems are commonly used to assess liver necroinflammation, and direct comparisons of the two systems are difficult. Among seven studies carried out in Chinese communities [7, 8, [19] [20] [21] [22] [23] , except a study in Guangzhou, 13% to 36.5% of PNALT patients had moderate liver necroinflammation. When the studies carried out in Shanghai and Zhejiang are directly compared, the population of PNALT patients with an HAI score ranging from 4 to 6 is increasing. The situation in China aligns with observations in other Asian countries [24] [25] [26] , in which 35% of PNALT patients with mild and moderate necroinflammation were observed. https://doi.org/10.1371/journal.pone.0203220.g004
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Regarding liver fibrosis, a large variation from 4.9% to 49.4% was reported for PNALT patients with moderate liver fibrosis among seven studies in a Chinese community. A direct comparison of the studies carried out in Shanghai and Zhejiang shows that our dataset is consistent with the previous results and the finding that less than 20% of PNALT patients have moderate liver fibrosis. However, the percentage of PNALT patients with liver fibrosis increases to 40% when the Ishak score is set to stage 2. Thus, a significant population of PNALT patients with moderate liver fibrosis is clearly evident.
The FIB-4 index and APRI, two well-validated parameters for liver fibrosis based on a simple determination of serum biomarkers, were determined and correlated with liver biopsy data. A significant difference (p = 0.011) between the patient groups with Ishak ! 3 and Ishak < 3 was observed by using APRI for the liver fibrosis stage. At the same time, a significant difference (p < 0.001) between the patient groups with Knodell HAI ! 9 and HAI < 9 was observed by using APRI for liver necroinflammatory activity. However, the performance of the FIB-4 index as a predictor was not satisfactory. The range of the FIB-4 index among 455 patients was from 0.06 to 1.41, which was under the limit of 1.45. Additionally, there was no significant difference between the patient groups with Ishak ! 3 and Ishak < 3. Recently, the GPR index was developed to predict liver fibrosis and cirrhosis in patients with chronic HBV infection in West Africa [27] . Both univariate and multivariate analysis showed that there was a significant difference between the HBeAg-positive chronic hepatitis B infected patients groups with Knodell HAI ! 9 & HAI < 9 and Ishak ! 3 & Ishak < 3 by using the GPR index for liver necroinflammatory activity and fibrosis. Our results was also in agreement with a previous report describing the diagnosis of fibrosis and cirrhosis in HBeAg-positive HBVinfected Chinese patients [4] . Age is an important factor that affects the histological activity and stage of liver disease. On the basis of the AASLD [10] and Asian Pacific Association for the Study of the Liver (APASL) guidelines [28] , HBeAg-positive patients with chronic HBV infections who are over 40 years old are currently considered at risk. In our present study, univariate analysis of liver necroinflammation and fibrosis in the three age subgroups (30-39, 40-49 and ! 50 years) was performed. The results clearly demonstrated that age, particularly in the older subgroup, was an independent predictor of significant liver necroinflammation and fibrosis, in those PNALT patients with high HBV-DNA level. In addition, our results also revealed that lower HBV-DNA levels were found in patients with active liver necroinflammation and advanced fibrosis. Serum level of HBV DNA is a dynamic parameter in patients with chronic hepatitis B and is commonly to be used as criterion for antiviral treatment in patients with chronic hepatitis B. Similar study carried out in Taiwan cohort found that participants with persistent elevation of serum HBV-DNA level during follow-up had the highest hepatocellular carcinoma risk [9] . It may imply that active host immunity would be triggered against HBV replication and possibly results in chronic liver injury. Thus, early assessment via liver biopsy is advisable for PNALT patients with persistently high HBV-DNA viral load over 40 years old in China, in addition to regular follow-up blood tests.
There were several limitations that affected the interpretation of our findings. This study was a retrospective cross-sectional study that could not exclude selection bias of patients. Moreover, the number of patients aged ! 50 years was relatively small, and follow-up of patients after liver biopsy was insufficient. Findings of this study could not be generally applied to the genotypes other than genotype B.
